Methods
All chemicals were obtained from Sigma Aldrich, St. Louis, USA.
Selectivity of manganese to inorganic pyrophosphate and dNTPs
An initial experiment was performed to determine the selectivity of manganese. A system consisting of 25 µM calcein and 0.5 mM manganese(II) chloride was used to measure the fluorescence intensity under increasing concentration (0 , 0.6 and 1 mM) of total dNTPs (Thermo Fisher, Waltham, USA) or sodium pyrophosphate alone as well as the combination of both (additive). To further investigate the effect of Mg and 0.5 mM) were tested in a standard LAMP and PCR assay as disclosed below. The assays were carried out by testing increasing concentrations and analyzed by gel electrophoresis in a 2% agarose gel.
Spectral characterization of calcein, tetracycline and alizarin red S
Excitation and emission spectra of 0.1 mM dye in Tris/HCl-buffer (pH 8.8) were measured in the Infinite® 200 PRO plate reader (Tecan, Männedorf, Switzerland) in the range of 300 to 850 nm.
1.5 Combinatorial screening assay of calcein, calcein blue, folic acid, tetracycline and alizarin red S 
LAMP and PCR assay
The initial experiments were carried out as simulations and selected results were verified by real enzymatic reactions including LAMP and PCR. To reduce the number of reactions, only combinations with the high signal-to-noise ratio in the simulation were selected. The LAMP-assay was based on the detection of potato spindle tuber viroid 1 . The PCR assay was conducted with the outer LAMP primer (F3 and B3, table 2).
Dried PSTVd-positive material (PV0064) was purchased from the German strain culture collection (DSMZ, Braunschweig, Germany). The RNA extraction was done with the RNeasy Plant Mini Kit (Qiagen, Hilden, Germany). LAMP-Primers were designed according to Lenarčič et al. 2 . The isolated RNA was reverse transcribed into single-stranded DNA using the reverse primer and Maxima Reverse Transcriptase (Thermo Scientific, Schwerte, Germany). The DNA template for the LAMP reactions was generated by PCR using the protocol published by Weidemann et al.
3
. The 360 bp (PSTVd) products were purified with the MSB® Spin PCRapace Clean Up Kit (Stratec, Birkenfeld, Germany), quantified by Qubit® dsDNA HS Assay (Life Technologies, Darmstadt, Germany) and used directly in the assays. All oligonucleotides (Thermo Scientific)
were HPLC purified. The PSTVd-LAMP assay was set up in a total volume of 25 μL containing 1x supplied Thermopol reaction buffer including 2 mM MgCl2, 1. plate. Dependent on the dye, the fluorescent intensity was determined by a microtiter plate reader at the specified wavelengths (Table 1) . 4
Additional results with figures

Selectivity of manganese to inorganic pyrophosphate (PPi) and dNTPs
The selectivity of manganese for PPi is required to ensure that the signal response of the selected dyes in an enzymatic reaction (LAMP and PCR) is not significantly dependent on dNTPs. We used calcein as an established standard dye which is strongly quenched by manganese. The data indicate that in absence of 
Signal-to-noise ratio of all tested dyes under LAMP and PCR conditions
The signal-to-noise ratio (SNR) was calculated by measuring the responding fluorescence of samples with and without sodium pyrophosphate. The highest SNR was achieved with calcein, tetracycline and alizarin The combinatorial microtiter screening and the control by real reactions lead to following concentrations of magnesium, manganese and dye. 
